regression function of APGAR scores using a set of data which were individüally given at each stage of labor.
Materials and methods
More than one hundred cases who were admitted at Yale New Haven Medical Center, were continuously monitored by electronic means äs well äs by fetal scalp blood analysis during the year 1966-67. Only the data of the cases with complete sets of Information such äs fetal blood pH, PO 2 , PCO 2 , actual base excess (BE), the level of basal fetal heart rate (BFHR) and the incidences of late and variable fetal heart rate decelerations (%UPI & % CORD) during twenty minutes at each stage of labor, were processed by an electronic digital Computer FACOM 270-20*. Tab. I. The number of subjects studied in this report. The number of cases computed is shown in Tab. L As shown in Fig. l , a course of labor was devided into five stages; the early first stage where cervical dilatation was 3-4-5 cm, the middle first stage of 6-7 cm, the late first of 8-9 cm, the early second stage, and the late second stage which was the last twenty minutes just before delivery. At each stage the quantitative data for processing were obtained during a period of twenty minutes. Several measurements of fetal blood, analysed for pH with an ASTRUP pH-meter and for PO 2 and PCO 2 with a micro IL meter during the twenty minutes were all averaged to get a set of sampled data at a given stage for processing. Actual base excess (BE) was calculated with the SIGGAARD-ANDERSEN alignment nomogram [8] from the averaged values of pH, PCO 2 and hemoglobin concentration. The basal fetal heart rate (BFHR äs an initial value of fetal heart rate just before each contraction) was also averaged äs all uterine contractions during the twenty minutes to get the level of BFHR at that stage. The parameters in the pattern of late FHR deceleration (UPI) and that of variable one (CORD) were both represented by the ratio of their incidence or appearance over the number of contractions during the twenty minutes. The Identification of the FHR patterns was only possible visually [4] , APGAR scores at one and five minutes after birth were correlated with a set of values of seven fetal parameters mentioned above, at each stage of labor, in order to get a predictive solution by both discriminant analysis and partial regression analysis.
Results

Discriminant analysis
A Computing flow chart for predictive discrimination between the vigorous infants who are assumed to have 8 or more APGAR score and the depressed one of 7 or less at one and five minutes after birth, in any stage of labor, is shown in Fig. 2 . The sets of data that were provided to the Computer (from forty-seven patients at the early first stage) are given in Tab. II. The discriminant functions at all the five stages for both one and five minutes APGAR scores, which thus obtained, are summarized in Fig. 3 .
Tab. II. Examples of complete set data of forty-seven fetuses at the early first stage of labor with 3-4-5 cm cervical dilatation.
No .   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47   Case  No.   21  24  25  26  28  29  30  31  32  33  36  37  38  39  40  41  44  46  48  49  50  53  56  57  60  61  62  64  71  72  73  74  75  78  80  81  82  83  84  88  92  93  96  97  98  99 Fig. 4 . A is the group of the correct diagnosis^ "to be vigorous", and D is the newborns incorrectly diagnosed äs "to be vigorous" although, actually, they were depressed. 
Partial regression analysis
Comparisons between the two Computer techniques
According to the definition of probability of , correct diagnosis (PCD) äs (A + C)/(A + B + ' i Fig. 9 . Prediction of APGAR scores with partial regression functions s described in Fig. 7 , using the seven fetal parameters pH, PO 2 , PCO 2 , actual BE, mean BFHR, %UPI, and %CORD at a stage. C + D) in the four groups shown in Fig. 4 , the diagnostic probabilities o£ these two techniques at each s tage are compared with APGAR scores at one and five minutes. The diagnostic reliability for the depressed neonates (DRDN), which is defined äs C/(C + D) C/(B + D) is the probäbility to satisfy necessary äs well äs sufficient conditions for the diagfiosis of the depressed infants, is also compared. Both the above, PCD and DRDN, are calculated from the numbers in Fig. 5 and Fig. 9 and are summarized in Tab. 4.
3, Comment
The [2, 6, 7] in the same group of subjects, the percentages are not so Tab. IV. Comparison between diagnostic probäbility -I (PCD) and -VI (DRDN) for correct discrimination o£ neonatal conditions in four categories' diagnoses by a pair of Computer predictions (DFA and PRÄ) based upon 7 fetal parameters ( Fig. 5 und Fig. 9 ) and that of a single fetal criterion that if the pH is less than 7.20 the infant will be depressed ( much higher in the former than the latter even after such complicated processing of the many Parameters ( Fig. 10 and Tab. IV). The possible reasons for this are äs follows: 1. The probability for correct diagnosis (PCD) is quite dependent upon the percentage incidence of vigorous babies among the total number of cases, and it is fairly difficult to achieve a marked increase in it by any means. 2. The number of the cases f ed into the Computer is too small and the distribution of the data deviates too much f rom the GAUSsian distribution to have a good resolution. 3. The processed data sampled during twenty minutes at a given stage are not sufficient enough to clarify the pathogenesis of fetal and neonatal depression. For example, during the sampling period of twenty minutes acute depression of the fetus due to interrupted umbilical circulation [5] just several minutes before birth cannot always be reflected in the averaged value of fetal parameters. In fact about one third of the cases of neonatal depression in our series can be ascribed to such acute depression. Sampled data have definite shortcomings. Sampling of fetal blood can never be done continuously in present circumstances, so that the continuous monitoring of FHR is quite informative in that sense. However, even with such sampled Information in the blood the fetal pH has great diagnostic significance better than any other parameters äs seen in the high achievement in PCD (DP-I) by the single pH criterion of Tab. IV. The fact that the largest coefficient was found in the pH term in all the equations of Fig. 3 and Fig. 7 is also quite convincing. Therefore, sampled data of fetal blood may never be considered äs perfect Information but are still quite important for clinical judgment. The continuous data provided by FHR monitoring is not a decisive factor but rather a screening aid to complement the decision when, and in what case, to take a fetal blood specimen from the presenting part. In that sense the sampled data System described here was represented by an averaged value of each parameter during a sampling period of twenty minutes. This timing was rather random because a stage of labor for data sampling was defined according to the cervical dilatation. In other aspects, however, it is a clinically meaningful Situation because of the fact that it is not always possible to monitor all childbirths from the beginning to the end. In practice obstetricians frequently face the Situation where they have to make a decision to deliver a fetus, through the vagina or by cesarean section, just on a limited amount of Information. Sometimes it is rather dangerous to sit at a monotonous monitoring desk, because we fre-quently become accustomed to seeing slight abnormal findings and hence we lose a sense of good timing that would allow us a decisive action. Analog data are easily overlooked even with the slightest but definite abnormalities, so that quantification of the analog Signals should be an obligatory process for human pattern recognition. Also the digitized data loses some Information, if it is done by certain limited number of samplings. Both the analog and the digital data processings should be useful. In fact äs described previously, the continuous monitoring of FHR is the way to detect fetal distress at the earliest possible time. This produces, however, many false positive results in otherwise vigorous infants. On the contrary, the pH of fetal blood is quite a decisive parameter in predicting a definitely depressed infant if it is truly lower than normal, although it is rather late to have a real decrease of pH value in the fetal blood. If we turn our eyes from the task of screening normal babies out of the depressed who should be detected äs early and äs accurately äs possible, it is astonishing that the diagnostic reliability for the depressed neonate (DRDN) in Tab. IV is very much improved by both Computer techniques, surpassing the results of single parameter prediction by means of fetal pH. The various merits of seven fetal parameters all seem to be contributing to these results, which are encouraging enough for us to revise the mathematical models upon which we have processed the data. More extensive data should be accu-
Summary
In order to avoid subjectively biased judgment, two Computer prediction Systems for l and 5 minutes' APGAR scores have been developed on the basis of multi-variable analysis of fetal data. One uses discriminant analysis to differentiate the depressed infant of APGAR 7 or less from the normal of 8 or more, the other is partial regression analysis to estimate the APGAR score itself by a regression function derived from a set of fetal variables at each stage of labor. analysis or partial regression analysis, could achieve a marked increase in the PCD (probability for correct diagnosis) over the results of a single pH criterion, but they did greatly improve the DRDN (diagnostic reliability for the depressed neonate), which encourages us in the further automatic monitoring of childbirths.
labor, were provided for computation äs shown in Tab. I. A course of labor was divided into five stages, namely the early first stage of 3-4-5 cm cervical dilation, the middle first stage of 6-7 cm, the late first stage of 8-9 cm, the early second stage, and the late second stage which was ' the last twenty minutes just before delivery. Several times' measurements of fetal blood pH were made with an ASTRÜP pH-meter. The PÖ 2 and PCOg were measured by a micro IL meter during the sampling period of twenty minutes and were averaged to give a set of data for one case at each stage. Base excess was calcülated from the SIGGAARD-ANDERSEN alignment nomogram. The level of the BFHR was also an averaged value of the basal FHR · during all uterine contractions during the twenty minutes l of continuous recording. Such sampled data from the i fetus is not complete monitoring but is, nevertheless, in >' l practice, quite important, because the obstetrician often has to make a dccision äs to dclivcr a fetus vaginally or abdominally on a relatively limitcd amount of Information. Some examples of such data for computation are shown in Tab. II. The respective discriminant functions for one and five minutes' APGAR scores, at any one of the fivc stages, are summarized in Fig. 3 so äs to give a positive value if the fetus is to be born vigorous and a negative one if depressed.
According to correlograms between the Computer prediction and the actual outcome shown in Fig. 4 , the number of cases of correct or false diagnosis are summed up in Fig. 5 . The probability for correct diagnosis [PCD = (A + Q/(A + B + C + D) in Fig. 4 ] is about 85 per cent äs shown in Tab. IV.
Another computation was carried out to get partial regression functions (Fig. 7) in order to predict one and five minutes' APGAR scores themselves, äs shown by the examples in Tab. 3. The probability for correct diagnosis by these equations is once again evaluated by the number of cases of correct and false discrimination and shows 70-90% accuracy and is therefore similar to the results obtained by discriminant analysis. However, äs Tab. IV clearly shows, these probabilities for correct diagnosis are little better than the achievement of the simplest, single pH discrimination, which states that if the fetal capillary blood pH is greater than or equal to 7.20, the baby should not be depressed. This poor result, even by computation, can be ascribed to several factors:
1. The percentage of vigorous infants among all the cases studicd was too high to achieve a marked increase in the probability for correct diagnosis (PCD). 2. The number of cases was too small especially in the depressed and deviates too much from the GAussian distribution. 3. The sampled and averaged data in a twenty minute period of a given stage did not providc precise enough information.
However, these methods demonstrate the great significance of the fetal blood pH. This is shown by the pH term, which has the largest coefficient value in any of the equations not only of the discriminant functions but also of the partial regression functions. On the other hand when we consider the diagnostic reliability for the depressed neonate [DRDN = C/(C + D) X C/(B + C) in Fig. 4 ], it is surprising that the two Computer techniques have made such improved probabilities äs high äs 30-70% in contrast to the single pH judgments which have, on average, a DRDN of about 25% (including many zeros at various stages, Tab. IV). These diffcrences should mean grcat improvement in the clinical management of very sick fetuses, because detection of the depressed infants äs early äs possible and äs accurately äs possible is the major task of fetal diagnosis during labor. The various merits of seven fetal parameters all seem to be contributing to these improved results. Hence we are sufficiently encouraged to accumulate more data and to revise our mathematical models upon which we have processed the data.
Keywords:
Computer prediction, APGAR score, fetal heart rate, fetal capillary blood, discriminant analysis, partial regression analysis, diagnostic probabilities. Mais par n'importe quelle voie on peut domontrer la haute valeur diagnostique du pH sanguin foetal meme par le coefficient έίενέ obtenu pour le pH dans chacune des oquations, non seulement dans les fonctions discriminantes mais aussi dans les fonctions de regression partielle (Fig.  3 et 7) . Par ailleurs, si nous examinons la fiabilito du diagnostic (DRDN =5 C/«C + D» X C/«B + C») dans le cas de nouveau-nos doprimos, en ce qui concerne les conditionŝ cessaires mais aussi s ffisantes pour dotecter Petat de depression aussit t que possible et aussi exactement que possible, il est surprenant d'avoir une el£vation des probabilitas de l'ordre de 30 a 70% environ par les deux methodes de calcul sur le simple pH qui reprosente environ 25% de probabilites mais avec nombreux zoros a difforents stades (Tab. 4). Ces difforences pourraient se traduire par une importante amolioration dans l'attitude pratique, en Clinique, pour les foetus en tres mauvais etat, puisque c'est chez ces derniers que se posent les problemes diagnostiques majeurs. Les differentes valeurs des sept paramatres foetaux semblent toutes jouer un role dans les resultats, qui sont assez encourageants pour que d'autres donnees soient reunies et que Γόη tente de verifier les methodes de calcul utilisees pour le traitement de nos informations.
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